The catalyst formation in the system Ni(acac),, C&I,, (iBu)sAl was investigated by means of infrared spectroscopy.
Introduction

Van den Enk and van der Ploeg [1,2]
propose a mechanism for the catalyst formation in the Ni(acac),, CsH4, (iBu)sAl* system, which they used for the polymerization of propadiene-This mechanism is given in eqns_ (1) - 
Cz is the actual ca'talyst for the polymerization of C3H4. The authors mention two most remarkable points in the mechanism: (1) The presence of propadiene or another olefin is absolutely necessary before the addition of (iBu)sAl-to the Ni(acac)z solution, otherwise the inactive Ni metal is formed..
(2) Polymerization onIy takes place provided Al/Ni >, 2. This infrared investigation of this catalyst is performed to obtain more information about the structure of X, C1 and Cz_
Experimental
All reactions, unless stated otherwise, are performed at room temperature in a benzene solution under a nitrogen atmosphere. The apparatus for working in a nitrogen atmosphere, free from oxygen and water (< 1 ppm), is Bis-sr-allyI-nickel is synthesized via an allylgrignard according to the method described by Bogdanovic 143 .
The polymerization experiments are carried out as described by van den Enk and van der Ploeg [I,23 _ and Al(acac),_ The authors showed by synthesizing RzAl(acac) (R = methyl, ethyl or isobutyl) from Al(acac)s and R&l that a fast exchange of the acac groups takes place between these two components.
Results and discussion
The results of our experiments are given in Tables 1 and 2 . They show that if Ni(acac)z reacts with (iBu),Al, whether or not in the presence of propadiene, the same aluminium compounds appear as reaction productsWhen Al/Ni =G 2/3 only Al(acac)s is formed (characteristic absorptions: 1288 cm-', 490 cm-'). If more (iBu)&l is added, (iBu)zAl(acac) is formed unti1 the ratio Al/Ni = 2 is reached_ At this ratio all the Al(acac)s is converted into (iBu),AI(acac); the 1288 cm-' absorption is shifted to 1294 cm-r and instead of the strong absorption at 490 cm-l a weak one has appeared at 500 cm-l-In addition to the Al(acac), and the (iBu)zAl(acac) formation, isobutene and isobutane are isolated gas chromatographically in equal amounts-This confirms the results of Fisher ef al. [7] . is either a catalyst poison or an indifferent by-product of the catalyst formation and (iBu),Al is necessary to activate the Cr complex. We studied these possibilities by measuring the polymerization activity of the Ni(acac)a solution in benzene, saturated with propadiene in the presence of (iBu)aAl(acac), instead of (iBu)sAl. This system has a very low activity even if Ai/Ni = lo_ The acac groups from Ni(acac)s were exchanged for isobutyl groups, because we observed the infrared bands of Al(acac)s and the disappearance of Ni(acac), bands, indicating that the Cr complex is presumably formed. By adding an amount of (iBu)sAl the propadiene polymerization became very fast at (iBu)sAl/Ni b 2 and the 1,2,1,2-polypropadiene was formed. These experiments show no clear poisoning effects from the excess of (iBu),Al(acac), so it can be regarded as a byproduct of the catalyst formation_ From these experiments we may conclude that for the formation of an active catalyst at least part of the aluminium compound must be present in the reaction mixture without acac groups, in order to activate the C1 complex_
The formation of the catalyst in the presence of propadiene
The results of the series of experiments in which the ratio Al/Ni was varied (Table 2) 
this AI(acac), is completely converted into (iBu)zAI(acac) (490 cm-' disappears, 1288 cm-I shifts to 1294 cm-')_ A remarkable difference is that no nickel precipitate is formed and the CsH4 present reacts (disappearance of 19451675,835
cm-*)_ Moreover, isobutene (C,Hs. 1650,1275,885 cm-') and C7Hr4 (1650, 890 cm-') were isolated with the aid of preparative gas cbromatograpby, Infrared, H-N-M-R_ and mass spectra of the latter compound showed it to be 2,4dimethylpentene.
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This compound is apparently formed from propadiene and an isobutyl group-K_ Fisher ef al_ [7] showed that by the reduction of Ni(acac)z with aluminium alkyIs, nickel hydrides could be formed as an intermediate. This suggests that from NiHz and CsH4 a bis-sr-allyI-nickel complex is formed (see Table 4 ), which is known to be a catalyst for the polymerization of propadiene [S] _ We may therefore expect that, if bis-n-aIIyl-nickel is formed, the yellow Cr complex shouId polymerize propadiene. According to van den Enk and van der PIoeg [l] , this is not the case. We found, however, that, for instance, at AI/Ni = 1 propadiene was polymerized very sIowIy_ The rate of polymerization is comparable with that of bis-a-aIIyI-nickel (see Table 3 ). The Cr complex might therefore be bis-v-a&I-nickeI_ In the infrared spectra from the catalyst mixture we could not detect the adsorptions of bissr-aIIyI-nickel as given by Bogdanovic [4] _ Neither was isolation of bis-s-allyInickel from this reaction mixture possible, because the Cr complex, freed from solvent, gives, in the presence of the aluminium compound also formed, an oily mixture which is difficuIt to separate and purify_ In addition to the absorption bands of the compounds known to be present, we observed a band at 1635 cm-' a v(C=CHz) stretch and at 885 cm-' v(= CHz)deformation. For Ce these did not disappear after evaporation of the solvent and renewed addition of it to the compounds. They might indicate the presence of a o-ally1 group c9,101-Aiming to improve the detection of propadiene and (T-or s-aIIy1 groups we tried to compensate aII the absorption bands of the respective aluminium compounds by adding them to the benzene in the reference cell. The spectra only showed the 1650 -1635 cm-r and 885 cm-' absorptions from a vinylidene group_ No a-coordinative bond of propadiene to nickel and no n-ally1 group was observed_ When more propadiene was added it was still possible to isolate &Hs, but no 2,4dimethyIpentene.
Within 5 minutes aI1 added propadiene was consumed and the spectra graduaIIy changed into those of 1,2,1,2-polypropadiene (1640,1435,1340,1005,889 cm-'), which could be isolated. Possible explanations for the phenomena observed, are: (a) as Iong as AI/Ni < 2, bis-sr-aIIyI-nickel is formed of which the rather weak infrared absorptions cannot be detected; (b) if AI/Ni > 2, bis-v-ally1 is transformed under the influence of (iBu)sAI into a. binucIear o-aIIy1, which shows absorptions at-1635 cm-r and 890 cm-'.
The catalyst system bis-a-allyl-nickel plus triisobutylaluminium
When bis-sr-allyl-nickel has reacted with triisobutylaluminium (Al/Ni = S), the infrared spectrum of the reaction mixture is similar to that of the catalyst system Ni(acac)= f 2Csl& + S(iBu)sAl (see Table 2 ), apart from the absorptions of the acac groups_ This means that also in this case no n-ally1 absorptions can be detected. The characteristic absorptions of a vinylidene group are present (1650 -1630,890 cm-r), which could belong to isobutene and/or to a a-ally1 group. Apparently triisobutylaluminium reacts with the bis-n-allyl-nickel complex, transforming the a-ally1 into a o-ally1 structure and/or releasing part of-the isobutyl groups, forming isobutene-The isolation of this complex has not been successful up till now, as the bimetallic complex is very unstable [ll] _ Polymerization of propadiene by various catalyst systems Various systems have been used as polymerization catalysts (see Table  3 ). The polymerization rate with bis-x-allyl-nickel is of the same order of magnitude as that of the system Ni(acac)z, CsH,, (iBu)&l, Al/Ni < 2_ The polymerization rates of both catalysts are increased enormously by the addition of (iBu)sAl provided Al/Ni > 2 for the latter-In all these four cases the 1,2,1, 2-polypropadiene is formed exclusively, see Figs (Table 4) We shall now discuss the reaction scheme, as given in Table 4 , in more detaiI_
The total exchange of the ligands between (iBu)sAl and Ni(acac)a indicates that (iBu)sNi can be formed as an intermediate_ In the infrared spectra of the catalyst reaction mixtures no Ni-C bonds are found_ If these bonds have a lifetime long enough to be detected by infrared, the absorption will be very weak and will lie in the far infrared between 650 and 250 cm-'. It is more likely-that these bonds are so unstable [13] 
